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ABSTRACT 
 
Two different type of microfluidic devices were designed, fabricated and tested to 
capture the microspheres. The passive device seems to be more reliable because of no 
possibility of damage, whereas the thin film in active device got ruptured when too much 
pressure was applied to the valve control layer.  
The passive design was able to capture microspheres of different sizes. Majority 
of microspheres captured were between 150-175 microns. The capture efficiency for this 
device was slightly lower than expected at 26%. This was found to be due to the long 
channel length which leads to pressure drop towards the end of the channel. In addition, 
capturing of microspheres causes high resistance to flow towards the end of channel. To 
the best of my knowledge, this is a first kind of device to capture microspheres at this size 
range of 125-215 microns. The proof of concept for capturing large particle size >100um 
and broad size distribution has been demonstrated. The device will be further improved 
by optimizing the dimensions. 
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NOMENCLATURE 
 
OEhMSC Osteogenically Enhanced Human MSCs 
MSC Mesenchymal Stem Cells 
SLA Stereolithography  
PDMS Polydimethylsiloxane 
GFP Green Fluorescent Protein 
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1. INTRODUCTION  
 
Microfluidics has impacted many different areas of research in the last few years. 
It has found applications in healthcare diagnostics, biofuel discovery, pharmaceutical 
research, environmental testing, bio-sensing, etc. Some of the reasons why microfluidic 
devices have become popular are due to their low-cost, small size (equivalent to a credit 
card), high-throughput, short turnaround time, and consumption of very small amount of 
reagents/sample. In some cases, the chemical or biological samples can be recovered after 
testing. Moreover, these devices can also be automated [1].  
Despite all these advantages, the use of microfluidic devices for space applications 
has not been fully explored. Microfluidic devices, also commonly known as Lab-on-a-
chip, can integrate and scale down a complex room-sized laboratory onto a tiny chip. 
Lower payload requirements for a microfluidic device makes them an ideal platform for 
space-based science experiments and research [2].  
Recently, the first 3D printer in space was launched by National Aeronautics and 
Space Administration (NASA), and the printer’s ability to manufacture parts on demand 
in space was demonstrated. Additionally, the 3D printers on Earth have already been 
printing at feature resolution of tens of microns for a while [3-4]. More recently, the 3D 
printers have been used to make microfluidic devices by replacing silicon-based molds 
with photo-curable materials in soft lithography process [5-7]. In some cases, 3D printed 
parts have been used to directly make microfluidic devices, especially where the 
transparency is not a big concern. As 3D printing evolves into space, it may be possible to 
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directly print microfluidic devices on-demand. Meanwhile, microfluidic devices can be 
fabricated on Earth and carried to space for experiments on International Space Station 
(ISS) and during deep space missions. 
As an example, micro-gravity environment in space is suited for 3-dimensional 
cell cultures which can mimic the physiological micro-environment inside human body 
[8-9]. Under the influence of gravity, cells settle to the bottom of culture plate and grow 
only in two dimensions. This prevents the 3-dimensional interactions from taking place 
between the cells. It has been shown that 3-dimensional interactions are important for cells 
to form network. By co-culturing cancer cells and human stem cells in space, biologists 
can establish physiologically relevant 3-dimensional models for cancer metastasis to stem 
cells (or bone). The 3-dimensional models can provide very powerful platform for 
studying cancer-stem cell interactions and understanding mechanism involved in 
metastasis. In other words, micro-gravity environment may establish in-vitro models for 
cancer metastasis on to stem cells [10]. In order to examine a large number of biological 
samples obtained from co-culture study, the strength of microfluidics can be harnessed 
[11].  
It is of significant interest to study stem (bone) cells and cancer (tumor) interaction 
because approximately half of the 700,000 newly diagnosed cancers per year in the US 
will eventually involve bone [12]. The tumor may either initiate within the bone or 
metastasize to it. Either way, they are likely to disrupt the bone tissue repair, leading to 
formation of Osteolytic Lesions (OL) or holes in the bone which causes fractures, pain 
and tumor propagation [13]. In general, bone cancer can be very painful and studying the 
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tumor-bone interaction can provide answers to bone tissue repair. By conducting 
experiments in low-gravity, the 3-dimensional interactions can occur between bone-
derived stem cells and cancer cells, which can then be studied in a microfluidic device.  
The design and fabrication of microfluidic devices to study cancer-stem cell 
interaction forms an important part of better understanding cancer metastasis. Two such 
designs were fabricated and tested in this project as a proof of concept. The work presented 
in this thesis will also demonstrate the application of advanced 3D printing for micro-
fabrication of microfluidic devices.  
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2. BACKGROUND  
 
2.1 Overview of cell/tissue culture methods and effect of low-gravity 
There are three main ways of growing cells and tissues, each having their own 
benefits and limitations.  
The most conventional way of growing cells is the monolayer growth method in 
which cells are grown in petri dishes or culture flasks. This is a relatively simple and cheap 
way of growing large number of cells. The cells settle to bottom of the substrate and 
growth occurs only in 2-dimensions. This method prevents 3-dimensional interactions 
from taking place between the cells, and the cells cannot form 3-dimensional networks. 
The 3-dimensional networks have been shown to be important in mimicking the 
physiological micro-environment inside the human body [14]. 
The second method involves the use of animal models in which the cells are first 
grown in-vitro, and then surgically implanted inside the animal. The implanted cells/tissue 
can then interact with the native animal tissue. This method allows some 3-dimensional 
interactions between the implanted tissue and host animal. The disadvantage is that this 
method is relatively more expensive, and the tissue sample has to be removed in order to 
analyze it [15]. 
Low-gravity method has been shown to be highly useful in promoting the three-
dimensional interactions between the cells. In the absence of gravity, cells cannot settle to 
the bottom of the substrate. Instead, cells can communicate with each other and form three-
dimensional aggregates that can be easily studied. The main challenge in using this method 
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is that it requires low-gravity, but it can also provide physiologically useful cell/tissue 
models [8-9,10].       
 
2.2 Microspheres as scaffolds for cell growth 
Microspheres have been readily used as cell carriers in many culture experiments 
because of the cell’s ability to attach to them. In many cases, collagen microspheres have 
been used because of their relevance to extracellular matrix present in the body [16]. 
Collagen is a protein present in connective tissue that holds the cells together, and collagen 
microspheres can provide initial micro-environment for cells to attach. In this project, 
Cytodex-3 (GE Healthcare Life Sciences) microspheres were used because they can be 
easily prepared by swelling them in PBS for 3 hours. Figure 1 shows schematic of 
microsphere with inner layer made from cross-linked dextran and the outer surface coated 
with collagen. The manufacturer’s specifications mention the average particle size to be 
175μm after swelling, but it was found to be 125-225μm.       
 
 
Figure 1: Schematic diagram for structure of Cytodex-3 (GE) microsphere [17]. 
6 
2.3 Rotating Wall Vessel (RWV) for three-dimensional culture  
On Earth, the micro-gravity effects during cell culture can be simulated using a 
low-gravity bioreactor, called RWV. This vessel consists of chambers which are filled 
with cell-laden microspheres and the growth media for cells, as shown in Figure 2 (left). 
The rotation of vessel causes the microspheres to move close to center, where the cells on 
microspheres can interact with each other (Figure 2-right). It is important to note that even 
though the cells are attached to microspheres, they can readily interact with cells from 
other microspheres, leading to a pseudo-three dimensional interaction between the cells 
of different microspheres. The purpose of RWV in this project is to simulate low-gravity 
on Earth in order to develop the co-culture models, and test the microfluidic device before 
sending to space. 
Figure 2: Photo of a rotating wall vessel (RWV). RWV set up showing 3 15mL cultures 
(left), and aggregates of cell-laden microspheres (right). Reprinted with permission 
from [18].  
7 
2.4 Cancer-stem cell interaction and co-cultures 
It is known that bone tumors secrete factors to degrade bone tissues, and inhibit 
bone repair. While the drugs exist today to delay bone degradation, but they lack ability 
to promote repairing of already degraded bone OLs [18-23]. By co-culturing cancer MOSJ 
and OEhMSCs (stem cells) on osteogenic microspheres within RWV, it may be possible 
to replicate the same interactions as those between bone tumor and regenerating bone 
tissue. 
For co-culture samples prepared in Dr. Greogry’s lab [18], OEhMSCs and MOSJ-
Dkk1 cells are loaded on separate microspheres, and co-cultured in a RWV to allow the 
interactions between cells to take place. This is shown in Figure 3A. The OEhMSCs are 
tagged with GFP, and MOSJ-Dkk1 are tagged with red protein to study interactions 
between the different kinds of cells on microspheres. Under normal gravity, the cells, or 
the microspheres containing cells would just settle to the bottom of the substrate (Figure 
3B). 
Figure 4 shows the example of fluorescent images of the co-culture samples of 
OEhMSCs and MOSJ-Dkk1 obtained from analyzing them. These images were not taken 
in a microfluidic device. 
8 
Figure 3: Schematic of cell co-culture. (a) OEhMSCs containing green fluorescent tag, 
and MOSJ-Dkk1 containing red fluorescent tag co-cultured in a RWV to simulate 
microgravity, (b) OEhMSCs and MOSJ-Dkk1 settle to bottom of the cells under 
normal gravity. Reprinted with permission from [18]. 
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Figure 4: Fluorescent images showing co-culture samples of OEhMSCs and MOSJ-
Dkk1 cells from RWV on collagen coated beads (a-c) and hMatrix coated beads (d-e). 
OEhMSCs emitting green signal (middle), MOSJ-Dkk1 emitting red signal (right), 
and merge of two signals (left). Note: Images were taken without microfluidic device. 
Reprinted with permission from [18]. 
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2.5 Microfluidic technology and particle trapping 
Microfluidic devices have previously been used for particle (cells, beads, spheres, 
etc.) trapping. Various trapping methods including the optical, chemical, hydrodynamic, 
magnetic, electric, and acoustic capturing methods have been demonstrated in 
microfluidic devices [24-25]. The external electric, magnetic or chemical fields in a cell 
experiment can affect the cell physiology. The optical methods that require high power 
can produce heat, and also affect the cell. On the other hand, hydrodynamic trapping is 
usually based on mechanical ‘obstacles’ or ‘barriers’ [24]. Hence, hydrodynamic trapping 
is a relatively simple, inexpensive and preferred method to implement large-scale trapping 
of biologically relevant particles (containing cells) in a microfluidic device. 
 Many hydrodynamic particle trapping devices have been reported by other 
researchers that can trap small single-particles close to 10μm in cells. Surprisingly, there 
are not many devices that have been designed to trap single particles of larger dimensions 
>100μm. Table 1 shows a summary of research conducted on trapping particles of 
different sizes, the type of particle (living cells vs. non-living beads/microspheres), and 
the capture efficiency. The trapping of small particles is relatively easier in a 
hydrodynamic trapping device compared to large particles. This could be due to several 
reasons, including the fact that larger particles are more difficult to stop with an obstacle 
compared to small ones. Tan et. al. reported that they were able to capture 15μm single 
cells with a 99% capture rate, while they had difficulty when working with 99μm 
polystyrene beads in >100μm channels [27, 37]. Consequently, the capture rate for large 
particle trapping was not reported.     
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 Table 1: Summary of capture efficiency for different particles in microfluidic devices 
Particle size (μm) Particle type 
Single particle 
Capture rate/efficiency 
Reference 
17±1.5 cells 89 % 26 
15±0.3 cells 99 % 27 
15 cells 55 % 28 
0.5-2 bacteria (rod) 60 % 29 
13 cells 10-20 % 30 
15, 6, 4 microspheres 70, 40, 30 % 31 
10 microspheres 99 % 32 
5, 7.7 microspheres 96, 91 % 33 
7.5 microspheres 99 % 34 
10 cells 81 % 35 
20±3 cells 62 % 36 
98.7±1.0 beads Not reported 37 
 
  
For small particle trapping, Di Carlo et. al. designed obstacles or barriers to capture 
15μm cells flowing in a liquid with 55% capture rate for single cells [28]. These barriers 
acted as trap sites for individual cells and a large density were packed on a single device. 
In some cases, the barriers also prevented cells from moving into the trap sites, hence the 
trapping efficiency was relatively low. An improvement to previous closed-trap design 
was suggested by Wlodkowic et. al. in which they made small gaps in barriers to allow 
fluid to flow through the trap region, and encourage cells to move into the trap sites [30]. 
Even with the fluid flowing through the trap region, the capture efficiency was reported 
to be 10-20% and majority of the cells could not be individually captured in the trap sites.  
Previous designs were further refined by Tan and Takeuchi by controlling the 
fluidic resistance to perform hydrodynamic cell trapping [27, 37]. By manipulating the 
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channel dimensions, they could control the fluidic resistance along a channel, which in 
turn was used to move micro-particles along different paths in to the trap sites. When the 
trap site was unoccupied, the low fluidic resistance allowed micro-particles (cells or 
beads) to move in to the trap site. Once the particle was trapped, the fluidic resistance 
along the captured path increased, and the rest of the particles had to move around the trap 
site to a lower fluidic resistance path. They were able to successfully capture 15μm cells 
with very high capture rate, however they faced problems when using 99μm beads in the 
same design. Despite having high capture efficiency for small particles, their design was 
limited to trapping particles of a specific size. This further limits the use of their device in 
a realistic application where the sizes of particles may vary.      
 Similarly, Xu et. al. improved the obstacles with gaps design reported earlier by 
optimizing the dimensions of the obstacles and gaps relative to particle size [32-34]. They 
compared their optimized design to un-optimized, and reported very high capturing 
efficiency of >90% for microsphere sizes between 5 to 10μm. Even then, their designs 
were made for specific particle size with a very narrow size distribution, which again limits 
the usability in a real-world application with varying particle sizes. 
 To overcome the limitations of previous designs, Kim. et. al. designed a device 
with different zones for trapping particles of three different sizes (4, 6 and 15μm) [31]. 
Bigger particles were captured in the first zone, allowing smaller particles to flow through. 
Smaller particles were captured further down in the next two zones. This device captured 
single particles with 70% trapping efficiency in the first zone, which decreased rapidly to 
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40% and 30% in the next two zones. Sorting of particles is achieved by this device in 
particles with narrow size distributions. 
 A plot showing capture efficiency for trapping particles of various sizes is shown 
in Figure 5. This plot is generated from references to previous literature with their reported 
capture efficiency, and it shows that previous works have focused mainly on capturing 
small particles (0.5-20μm). Xu et. al. tested their design with beads (~100μm) and reported 
having difficulty at large particle dimension [37]. My goal in this project is to test and 
extend the capturing capability of microfluidic device for large particle dimensions 
between 125 to 230μm. In other words, my aim is to push the particle capturing capability 
of microfluidics to the right-hand side of plot shown in Figure 6. The eventual plan is to 
focus on target region shown in Figure 6.    
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Figure 5: A plot of capture rate/efficiency for different sizes of single particles trapped 
previously in literature. The reference to each data point is provided next to it. The inset 
plot is data magnified to small particle region. No existing data point for large particle 
region (>100um) could be found. The blue box shows the ideal target region for device. 
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3. MICROFLUIDIC DEVICE DESIGN  
 
The goal of this project is to design a microfluidic-based platform for the 
characterization of cell-cell interaction based on cellular fluorescence signals of 
Osteochondral sarcoma line MOSJ and Osteogenically Enhanced Human Mesenchymal 
Stem Cells (OEhMSC) on collagen-coated microspheres.  
In this thesis, the device is utilized to capture collagen-coated microspheres 
without cells attached to microsphere surface. This is mainly to demonstrate the capability 
of microfluidic device to capture 125-215 microns microspheres as a proof of concept. In 
this section, the rationale and factors to take into account during design are presented, 
followed by two different designs of microfluidic device.  
The main factors to take into account when designing a microfluidic device for 
microsphere capturing and fluorescent imaging are: 
(a) Large variation in size of the microsphere particles makes it difficult to capture them 
all with uniform dimensions of trap.  
(b) Larger particles contain more energy compared to small particles.  
(c) The microspheres should have minimum contact with the walls of the channel for 
imaging purposes.  
The basic rationale when designing a chip was to have the ability to capture the 
microspheres and once the microspheres are in the device, they should be held stationary 
within the field of view of the microscope. The chip should be optically transparent so that 
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the fluorescent signal from cells on microspheres can be measured. Two different designs 
of microfluidic chip were made based on the capturing mechanism.  
 
3.1 Active design 
The active design contains active pneumatic valves to capture individual 
microspheres at specific locations inside the chip. Microfluidic device is made of three 
layers of PDMS—top layer with channels for microspheres to flow, a thin middle active 
pneumatic layer, and the bottom layer with channels for air to flow. The actual photo 
image of microfluidic chip is shown in Figure 6a. As air pressure is applied into the bottom 
layer through the air channel, the middle layer deforms to partially close the top layer 
channels. The array patterns of sample and valve channels should trap multiple collagen 
microspheres (Figure 6b). By trapping multiple microspheres away from each other and 
exposing them to an excitation wavelength of light, the signals could be recorded from 
multiple microspheres at once allowing for a high throughput of the device. 
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Figure 6: Concept of active microfluidic device. (a) Image of microfluidic device (top 
view) showing the microfluidic channels (width 200um) for sample which are colored 
red for illustration. Normal to sample channels are the valve channels with inlets for air 
shown using 1-5, (b) Magnified image of microfluidic device showing sample and valve 
microchannels normal to each other, (c) Side view of the channel showing three layers 
and the middle layer deformation due to pneumatic actuation. 
 
 
The active device allows high throughput of microspheres to be flown but the 
pneumatic valves made out of polydimethylsiloxane (PDMS) were found to get damaged 
over time. Because of the energy of microspheres flowing in the channel, the thin 
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pneumatic valves could not capture the microspheres and would rupture (shown in Figure 
7).  
 
 
Figure 7: Microscopic view of active device showing microspheres flowing through the 
liquid flow channels. Rupturing of pneumatic film is also shown on the right hand side. 
  
 
3.2 Passive design 
The passive design contains ‘obstacles’ or trap sites to allow the microspheres to 
get stuck in the wells as they are flowing through the channel.  The unique feature of this 
chip is that the trap sites are three-dimensional which have not been developed before. 
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Microfluidic device is made of two layers—top PDMS layer for inlets/outlets, and 
bottom PDMS layer with channels and passive traps for microspheres. The actual photo 
image of microfluidic chip is shown in Figure 8, and the schematic of trap design is shown 
in Figure 9. 
 
 
 
Figure 8: Photo of passive microfluidic device showing inlet and outlet. The channels 
are filled with blue dye to show the channels. A single trap site is shown with a red box. 
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Figure 9: Concept of passive microfluidic device. (a) Microscopic image of microfluidic 
device (top view) showing the microfluidic channels (width 200um) which are designed 
parallel to each other, and (b) Schematic diagram showing side view of microsphere 
trap. The microspheres flow down the slope and get trapped in wells. 
 
 
The microspheres are introduced in microfluidic device using inlet, and once 
microspheres are flown through the channel, they encounter the slope which traps them at 
the bottom of the channel. Rest of the microspheres can continue to flow through the 
channel until they encounter other traps. Once the microspheres are trapped, they can be 
excited using fluorescent signal, and the emitted red/green signals can be recorded. The 
stair-step pattern of slope is caused due to resolution of 3D printer, but the size of step is 
very small compared to the size of microspheres (125-215 μm).   
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4. MICROFLUIDIC CHANNEL FABRICATION  
 
4.1 Advanced 3D printing 
Many different 3D printers have been used in last few years to fabricate molds for 
microfluidic devices. Even though there are several different options of 3D printers 
available—Extrusion, Stereolithography and Poly Jet—the stereolithography printer 
delivered the best resolution. First, the Computer Aided Design (CAD) of a 3D mold is 
drawn in SolidWorks software. The 3D model is converted to an STL file which is 
accepted by the 3D printer software. Envision Tec Micro 3D printer was used with 
resolution of 30um in X, Y and 25um in Z direction. This printer uses three softwares. The 
first software inputs the STL file format and checks for errors, dimensions, sets up the file 
on platform, and makes sure that printer can print the design. In addition, the same 
software also generates/exports support structure to allow the model to be printed upside-
down on a rising platform in stereolithography printer. The second software imports the 
design file and the support file, and combines them on the print platform. This generates 
masks/images and the settings that are used to project UV pattern on the printer tray. The 
third software imports the masks and the settings to handle each print job. It acts as the 
interface between the printer hardware and the design file. Figure 10 shows the work flow 
of mold making and PDMS device fabrication. 
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Figure 10: Work flow of mold making and PDMS device fabrication. 
 
4.2   Fabrication of microfluidic channel 
The microfluidic device is fabricated in two layers, as shown in Figure 11. A 3D 
printed mold is obtained using high-resolution printer, as mentioned in section 4.1. The 
mold is cleaned with isopropyl alcohol (IPA) and dried in oven at 65°C overnight (Step 
1). PDMS solution is prepared by mixing Sylgard 184 resin and cure in 10:1 ratio and 
degassing. The solution is poured in mold and left in oven for 2 hours at 65°C (Step 2).  
The cured PDMS containing channels is removed from the mold. Another flat piece of 
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PDMS is prepared and inlet/outlet holes are made using a lab hole puncture (Step 3). The 
PDMS top and bottom layers are bonded to each other by exposing to oxygen plasma for 
1 minute (Step 4). The tubing is inserted in inlet and outlet holes to flow the liquid through 
the microfluidic device (Step 5).   
 
 
 
Figure 11: Step-by-step fabrication process (side view) for fabrication of passive 
microfluidic device. 
 
 
 
4.3   Surface modification of microfluidic device 
 The outer layer of collagen on microspheres sticks to hydrophobic PDMS. Also 
the cells covered on collagen can adhere to PDMS surface. To avoid this issue, several 
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surface treatments were tried. The one that worked best was to use small amount of 
Pluronic 127 mixed with ethanol in PDMS. Pluronic 127 has a PEO-PPO-PEO structure 
in which the PEO chain move to the surface when channel is exposed to water or PBS. 
This prevents collagen from sticking to the PDMS surface.    
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5. METHODS FOR MICROSPHERE TRAPPING AND FLUORESCENCE 
DETECTION IN FLUIDIC CHANNEL  
 
5.1   Experiment setup  
 The schematic of experiment and the actual setup is shown in Figure 12 (a, b). 
Microfluidic device is placed on fluorescent detection platform. The detection platform is 
connected to fluorescence light source and the filters that can control the excitation and 
radiation wavelengths. The filters and light sources are automatically controlled by motor 
connected to the NIS software. Microfluidic device is connected to syringe through an 
inlet. The syringe contains the microsphere and the samples to be injected. The flow rate 
of syringe can be controlled by using a syringe pump. The outlet of the microfluidic device 
is connected to a collection chamber for waste.  
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Figure 12: Setup of detection platform. (a) Schematic diagram of optical detection 
platform with microfluidic device, and (b) Photo Image showing the syringe, pump, 
microfluidic chip on a platform, camera and the microscope. 
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5.2   Experiment procedure  
 The syringe is filled with microsphere solution to be tested and connected to 
microfluidic device using Tygon tubing. First a buffer (PBS) is flown through the 
microfluidic device to cause wetting of the channels and allow PEO chains in Pluronic 
127 to move to the surface. One the walls of the channel look completely immersed in 
buffer, the solution containing microsphere is injected into the microfluidic device. For 
characterization and optimizing the device, Cytodex-3 (GE) microspheres coated with 
collagen were used.  
 
5.2.1 Active device  
Initial results showed that the collagen microspheres can flow through multiple 
sample channels when they are mixed with PBS and surfactant. Collagen microspheres 
tend to adhere to PDMS surface since hydrophobic proteins establish hydrophobic 
interaction with PDMS surface if it is untreated.  
Multiple Cytodex-3 collagen microspheres are shown inside the sample 
microchannels as shown in Figure 13. Multiple collagen microspheres are trapped between 
active pneumatic valves. This is because the Cytodex-3 microspheres were approximately 
150µm in diameter, which is much smaller than the channel width. When the microspheres 
were injected into the active device and the pneumatic valves were actuated, the valves 
pushed against the channel to trap the microspheres. In some cases, microspheres were 
trapped but due to the size of microspheres and lot of inertia in them, microspheres could 
cause rupturing of pneumatic valve thin film. This is shown in Figure 14.  
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Figure 13: Image showing Cytodex-3 microspheres contained inside the sample 
channels. Each sample channel has 200 um width. 
 
 
 
 
 
Figure 14: Microscopic image showing valves of active microfluidic device getting 
damaged as the middle film of PDMS ruptures. 
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5.2.2 Passive device  
 The Cytodex-3 (GE) microspheres are flown into the inlet using syringe pump.  As 
microspheres are flown through the channel, they are trapped in multiple traps inside the 
microfluidic device. Once trapped, microspheres stay in each trap while other 
microspheres could move through the channel. Multiple Cytodex-3 collagen microspheres 
are shown trapped inside the microchannels as shown in Figure 15. 
 
 
 
Figure 15: Microscope image showing Cytodex-3 microspheres trapped after the slope in 
channel of a passive microfluidic device. 
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6. RESULTS AND DISCUSSION 
 
The microspheres captured in passive device showed a distribution in size given 
by Figure 16. It shows that majority of the microspheres that were captured were in range 
of 150 to 175um. Few other size of microspheres were trapped but were mainly removed 
through the outlet.  
 
 
 
Figure 16: Distribution of single microspheres that are trapped inside the passive 
microfluidic device. 
 
 
 Initially, single microspheres were observed to be captured in 111 traps out of 425 
total traps. The trapping efficiency was calculated to be approximately 26%. This trapping 
efficiency can be improved by making the sizes of microspheres uniform. The lower 
trapping efficiency can be explained due to long length of the channel of the device. 
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Towards the last traps of the channel, fewer microspheres are trapped. This could be due 
to high resistance to flow that is caused by the microspheres that are captured in the 
beginning of the channel.  
 On magnification of device, it was observed that the trapping efficiency was higher 
closer to the inlet and it dropped further away from the inlet. This further supports the 
hypothesis that the long channel length could lower the trapping efficiency of microfluidic 
device. 
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7. SUMMARY AND CONCLUSIONS  
 
Two different type of microfluidic devices were designed, fabricated and tested to 
capture the microspheres. The passive device seems to be more reliable because of no 
possibility of damage, whereas the thin film in active device got ruptured when too much 
pressure was applied to the valve control layer.  
The passive design was able to capture microspheres of different sizes. Majority 
of microspheres captured were between 150-175 microns. The capture efficiency for this 
device was slightly lower than expected at 26%. This was found to be due to the long 
channel length which leads to pressure drop towards the end of the channel. In addition, 
capturing of microspheres causes high resistance to flow towards the end of channel. To 
the best of my knowledge, this is a first kind of device to capture microspheres at this size 
range of 125-215 microns. Previous works which claim to have high capture efficiency, 
all focus on very small particles from 5-20 microns. This device that can capture 
microspheres of 125-215 microns will be useful for co-culture sample analysis in space 
experiments.  
Additionally, the application of 3D printing to fabricating microfluidic devices was 
demonstrated by making molds with smallest feature length of 50 microns. This will be 
useful for other microfluidic research groups, as well as for future fabrication of 
microfluidic devices in space.  
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The proof of concept of trapping of large particle size (>100um), with broad size 
distribution (125-215um) in a microfluidic device has been demonstrated as proof of 
concept. The device will be further improved by optimizing the channel dimensions and 
flow parameters.  
Finally, the purpose of RWV in this project is to simulate low-gravity on Earth in 
order to develop the co-culture models and test the microfluidic device before sending to 
space. The future goal of this project is to perform micro-gravity studies on International 
Space Station (ISS) without the need for RWV, and analyzing the co-culture using the 
microfluidic device demonstrated in this project.   
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